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I. SWMeURY

A, This quarterly summary report is the first under Contract Nonr-
397(00) and covers the period from October 15, 1951 to Jamary 31, 1952.
The object of this contract is as follows: Shall conduct research in the
synthesis of polynitre compounds to include, but not necessarily be limited
te, a review of the chemistry and the processes of preparation of the more
useful products of research from the nitropolymer program and investigate
thc application of processes not now employed in the preparations.

B. The more important resvlts and comclusions of the work reported
are pressnted below:

y % 2-Kitroethanol has been prepared in average yielde of 66%,
based on the formaldehyde used, by & reflux method. A column serves as both
rectifying and reaction tube. Purification was best achieved by aseotropic
distillation vith phenyl ether.

25 2-Bitropropanediol-l,3 (NPD) has been prepared in 46X yield
from niiromethane and fornmaldehyde. This is a two-step reaction, the sodium
salt first being formed in 85-90%f yield. The NFD is obtained by acidifica~
tion of the sodium salt with 15% sulfuric acid in the presence of urea and
extracting with ethyl acetate.

3. By the base catalyzed condensation of nitromethane and
formaldehyde (5 to 1 mole ratio), a 26§ yleld of nitroethanol was obtained.
On chilling and seeding the residue from this reaction, a 42% yield of crude
NPD could be isolated.

b ¥PD diacetate was prepared in 80% yleld from the crude NPD
obtained from residues as in (3).

- 5. IPD diacetate could not be prepared directly fron sodium
HPD except in very low ylelds.

6. Methyl 4-nitrobutyrate could not be prepared by a column

tenb.nique similar to that used in the preparation of nitroethancl.

: 7. Methyl 4-nitrobutyrate was prepared in 58f yield by the
condensation of nitromethane and methyl acrylate in the presence of bensyl-
trimethylammonium hydroxide at reflux t.emperaiures.

8. Cyclohexene gave a reattion with 20% nitric acid, 1000 pounds

per square inch pressure, between 70°C and 130°C. With 67% nitric acid under
these ronditions, destructive oxidation took place.

I1. TECHNICAL PROGHESS
A, INTRODUCTION

The present program is directud towards the industrial development
of nitropolymer starting materials and intermediates. Nitroethanol,
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nitropropanediol, and methyl 4~nitrobutyrate have been studied with process
development as the main object. The investigation of the liquid phase
nitration of cyclohexsne Las beea started.

B. PREP. ON OF

1. Discussion
The preparation of nitroethancl by a batch method gives yields
of 31-50%.1

Equation 1

CH4NOp + CHx0 ——) MO,~CHy~CH,OH + HO~Ch-(CH,OH),
1 I

+ '02-0-( 03208) 3
IIX

As the by-products II and III need additional formaldehyde, one means of de-
creasing their production is a large excess of nitromethane. This has been
achieved by using 5 column as the reactor with the nitromethane being con-
timally refluxed.< As nitroethanol ies formed it descends the column and the
catalyst is neutralized. Using a 2 in. by 4 ft. column packed with stainlees
steel saddles, average ylelds of 66f of nitroethanol were obtained.

The reaction was studied at 200 mm. of mercury pressure, vhere
yields were 20-30% as compared to 66f at atmospheric pressure. A column
shorter than 4 ft. gave a lower yield. More compact packing lowered the
amount of nitromethane refluxed, tims lowering the yield.

2. Experimental

A 2 in. by 4 ft. heated column, packed with stainless steel
saddles, was fitted at the top with & reflux condenser through which a dropping
funnel introduced the basic formaldehyde solution. Ten moles (610 g.) of
nitromethane with 150 ml. of water and 20 =1. of 1 normal hydrochlo:ic acid
were placed in the still pot and refluxed strongly. Th> 4 moles (300 wml.) of
37% formaldehyde solution, made basic with 5.5 ml. of 10%¥ sodium carbonate,
were added so that the mole ratio of nitromsth:ae to formaldehyde was 75-85
to 1 in the reaction gone.

1. Aerojet Report No. 461, July 20, 19:0.
2. U. 8. P. 2,510,914.
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After the addition was complete the reactlon mixture wss
evaporated at 50 mm. until the liquid temperatuire rose tc 65°C. The residue
was azeotropically distilled with phenyl ether at rsduced pressure. After
extracting the nitroethanol laysr with n-hsxene to remove dissolved phenyl
ether, there was obtained 240 g. (2.64 moles, 66%) of 2-nitrcethanol. Five
moles of nitromethane were recovered.

C. PREPARATION OF 2-NITROPROPANEDIOL-1,3 (MPD)

1. Discussion

By equstion 1, NPD (II) can be prepared. Gorsky states that
the maximum yleld of is when the starting mole ratics ¢f nitromethane to
formaldehyde are 5-1.” This vaime is iz ggrec=sal wilh cur data. Purifica-
tion is the most difficalt problem in this method., HNitroethanol can be
stripped off by the use of a falling film evaporator, the residue from which
Jields a technical grade of NPD. The crude material can be recrystallized
from several solvents, butanol seems to be desired, but recoveries are not
too good. This method of preparation is hazardous and thas product still con-
tains soms tris(hydroxymethyl)nitromethane.

The NFD can be prepared freec of nitroethanol and tris(hydroxy-
methyl )nitromethane by first forming the sodium salt of NPD, folliowed by
acldification and extrastion.

tion 2
Step 1
CHo0H
/
CHjNO, + 2CH,0 + NaOH ——> c\- NO_Na
. CH,0H
v
Step 2
/cnzon /cnzon
C = NONa + 380, —X°% HC - NO,
\\ .\
CH,0H CH, 0
11
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Various acide have been used stsP 2 but the presence of urea or hydroxyl-
axine seems to be beneficial.* Dilute sulfuric acid (15%) in the presence of
urea proves to be the most economical reagent.

The NFD can be continuously extracted from the aqueous solu-
tion with ethyl ether to give a product of good quality, but 24 hr. are re-
quired for this operation. The NP can be extragted with ethyl acetate in a
four-step batch extraction rapidly, the product from which is acceptable tut
not as good in color or melting point as from the ether extraction.

Attempts were made to free the NFD fram the sodium salt or the
calcium salt in nonaqueous media. Fo satisfactory method wae found. )

The sodium KPD was ~cidified by passing a water solution
through an acid resin column. The etler extract of the resulting solution
gave a poor quality material in 20% yield.

2. Experimental

To a stirred mixture of 122 g. (2.0 moles) of nitromethane,
300 ml. (4.0 moles) of 378 formaldehyde solution, 100 ml. of water, and 250 ml.
of methanol in a flask surrounded by an ice bath was added dropwise 90 g.
(2.0 moles) of sodium hydroxide in solution in 180 ml. of water. The salt
precipitated. The slurry was stirred for 2 hr. and filtered at 0°C. The
filter cake was returned to the reaction flask and ice bath, made a slurry
with 100 ml. of water. and 25 g. of urea added. The pH was slowly brought to
3.5-4.0 with 15% sulfuric acid. The solution was filtered to remove pre-
cipitated sodium sulfate and wus then extracted four times with ethyl acstate.
To remove dissolved water, 100 ml. of ethanol was added to form the low boiling
ethyl acetate-ethanol-water ageotrope and the solution was evaporated. The re-
maining oil was chilled and seeded to obtain 81.0 g. (0.67 mole, 33.5%) of light
colored, solid NPD, m.p. 50-52°C. A second crop was obtained, 31.5 g. (0.26
mols, i38), that was darker in color, R.p. 42-46°C. The total yield of two
crops was 46.5%.

D. PREPARATION OF METHYL 4-NITROBUTYRATE

1. Discussicn

This 'tuw was ooncornod with the fol.loving reactioi:

tion
CH3NO, + CHp = CH-COOCH;  —3222>  NO;~CH~CHor-CHy~COOCH,
Y
VI
Vil

L. Kornblum, N., and Graham, G. E., Jo Am. Chem. Soc., 73, 4041 (1951).
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The yields of by-products VI and VII can be decreased by using
a large excess of nitromethane. To do this, a column type reactor was.tried,
bat no conditions were found which gave satisfaccory yields. Kloetsel® found
tristhylamine one of the best catalysts for this type of reaction. With tri-
ethylamine at room temperature, we obtained 15% yield of product after 2 days,
34% after 4 days, and 42% after 9 days. When methyl isopropylamine was used
as the catalyst and the reaction refluxed for 1 hr., 43.5% of product was ob-
tained. When benzyltrimethylammonium hydroxidc was the catalyst and the re-
action was refluxed for 2 hr., the yield was increased to 58%.

2. Experimental

One mole (86 g.) of stabilized methy) acrylate, 620 g. (10
mole) of vashed nitromethane, and 10 ml. of 40X benzyltrimethylammonium
hydroxide in water solution were refluxed together for 2 hr. The reaction
mixture was washed with 100 ml. of water containing 5 ml. of 6 normal
hydrochloric acid. After evaporating the nitromethane solution at reduced
pressure, the residue was distilled to obtain 86.0 g. (0.585 mole, 58.5%) of
methyl L-nitrobutyraie at 85°-100*C (1-2 mm.).

E.  LIQUID PHASE NITREATION OF CYCLOHEXENE

In an attempt to obtain some nitro or polynitro compounds, the
liquid phase nitratio~ of cyclohexene was undertaken. In preliminary runs,
678 nitric acid at 1000 p.s.i. pressure gave predominately oxidation at any
temperature above room conditions. With 20% nitric acid at 1000 p.s.i.
pressure, reaction started when the temperature was raised to 60°C and
became violent above 140°C. Runs were then made at 70®, 100°®, and 120°C.
The solid which was obtained from the 70°C run, and the oils from the higher
runs, are being identified.

50 noetz“l, xo c., mc nopﬁl't, C.R.K.R.-—153h (19105).
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